ABSTRACT OBJECTIVES: Public health concern about increasing levels of child/youth overweight and obesity has resulted in initiatives to address this issue. In 2012, the Ontario Ministry of Health and Long-Term Care (MOHLTC) established a target to reduce childhood obesity by 20% within five years. In this paper, we examine trends and establish baseline levels of overweight/obesity to assess the impacts of population-level interventions.
W idespread concern in the public health community about increasing levels of overweight and obesity among children and youth has resulted in the development of a number of policy and program initiatives designed to address this problem in Canada and elsewhere. [1] [2] [3] [4] For example, in 2012, the Ontario government established the ambitious target of reducing childhood obesity by 20% within five years. 5 Subsequently, the Ministry of Health and Long-Term Care (MOHLTC) established the Healthy Kids Panel, which outlined a strategy for achieving this target by the year 2018 through a number of approaches aimed to benefit children and youth. 6 More recently the Ministry announced funding to 45 communities in Ontario for the Healthy Kids Community Challenge, designed to address the issue of childhood obesity through community-based interventions to promote physical activity, healthy eating and adequate sleep. 7 Given the health concerns regarding child obesity and governmental responses to address this issue, it is important to ensure that overweight and obesity levels among children and youth are tracked over time, and that policy and program interventions, including natural experiments, 8 are assessed in relation to stability and change in prevalence. [8] [9] [10] Shield's earlier (2006) study on trends in Canada, using the International Obesity Task Force (IOTF) criteria, describes large and significant increases in the prevalence of overweight and obesity (based on direct measures of height and weight in calculating body mass index [BMI] ) among youth (aged [12] [13] [14] [15] [16] [17] between 1978-79 (14% combined overweight and obesity) and 2004 (29% combined). 11 A more recent assessment of obesity among Canadian youth (aged [12] [13] [14] [15] [16] [17] , based on the 2009 and 2011 waves of the Canadian Health Measures Survey, indicates the prevalence of combined overweight and obesity to be 26.9% (IOTF cut-points) or 30.1% (World Health Organization [WHO] cut-points) with higher levels among males. 12 There have been no representative Ontario-level reports of trends in overweight/obesity for specific age by sex subgroups of children and youth based on either directly measured or self-reported height and weight. For example, while provincial estimates based on self-reported data from the Canadian Community Health Survey are analyzed in broad age groups (e.g., [12] [13] [14] [15] [16] [17] , the sample size is not sufficient to provide stable estimates within age and sex subgroups. In this paper we have two objectives. First, we examine 10-year (2003-2013) trends in the prevalence of overweight or obesity derived from selfreported height and weight among Ontario youth, based on data from the Ontario Student Drug Use and Health Survey (OSDUHS) and using the IOTF criteria cut-points. This trend analysis provides the context for our second objective. We establish data from the 2013 cycle of the survey to serve as baseline for subsequent tracking of progress in attaining the MOHLTC's 20% reduction target and for the assessment of provincial-level interventions designed to reach that target.
METHODS

Study design
Our trend analyses were conducted using a stacked dataset accumulating six cycles for the period covering surveys in years 2003, 2005, 2007, 2009, 2011 and 2013 . Self-reported height and weight data were collected during each of these survey years. The multi-year microdata contain information on 38,407 students enrolled in 778 schools (stage 1 primary sample unit clusters) distributed among 78 region-by-school level-by-year strata. See Kish 13 and Korn and Graubard 14 for more detail on combining multiple complex surveys. Each cycle was based on a target sample of 7th-12th graders enrolled in provincially funded English and French language schools in the public and Catholic school sectors in Ontario. Students excluded as being outof-scope were those in private schools; those schooled in correctional or health facilities; students schooled on First Nations reserves, military bases and in remote areas of Northern Ontario; and the few who were home-schooled. These exclusions represented roughly 8% of all Ontario children and adolescents aged 12 to 18. Each cycle was selected by means of a stratified, two-stage (school then class) cluster design. In stage 1, schools (stratified by region and school level) were selected by systematic random sampling according to probability-proportionate-toschool size, followed by a within-school selection of one class per stratified grade selected with equal probability. For the period under study, the school response rate (number participating/number selected) varied from 49% to 71% (mean = 60%), the class response rate varied from 80% to 98%, and the conditional (on school and class participation) student response rate (number participating/number of students enrolled in recruited classes) fell from 72% to 63% and was strongly related to an increase in the loss of parental consent, which rose from 16% to 26% (an increase that occurred among all grades and regions). 15 An appraisal of the potential nonresponse bias in the 2013 cycle showed very few differences in key health indicators (e.g., drug use, mental health, physical health) between the 294 classes with a response rate 70% or higher versus the 377classes with lower response rates. 15 In each cycle, active parental consent and student assent procedures were required. To maximize data collection during a fixed (regularly scheduled) classroom period while minimizing the number of items per questionnaire, the OSDUHS uses two forms, which are distributed alternately in classrooms. Students completed the paper-pencil questionnaires anonymously during regular class time. Staff from the Institute for Social Research at York University administered the questionnaires and processed all data. Each cycle of the OSDUHS was approved by the Research Ethics Boards of the Centre for Addiction and Mental Health, and York University.
Measures
For students aged 12-18, overweight/obesity status was derived from age-and sex-specific self-reported height and weight, from which BMI was computed and applied to the IOTF-defined classifications (Cole/IOTF). For students aged 19 years or older, weight status was based on the international classification of adult weight status (http://apps.who.int/bmi/index.jsp?introPage= intro_3.html).
In 
Statistical analysis
Our analyses employed design-based methods to account for the complex survey data of the OSDUHS. This estimation differs from non-survey analysis in two respects. First, pseudo-maximum likelihood estimation is employed in the estimation of point estimates (because the assumptions of ordinary maximum likelihood estimation are violated with stratified, clustered data) and, second, Taylor series linearization is employed in the estimation of variances. 14, 16 Sample weights were used in all analyses to account for the unequal inclusion probabilities due to disproportional stratification and sponsored oversampling of select regions, and for nonresponse and sex/grade/region post-stratification adjustments. To estimate provincial trends, for each logit model the binary overweight/obesity response was regressed on four factors -a linear and quadratic time trend, and sex and grade covariates. Both linear and quadratic terms are presented. In addition to time factors, sex and grade (measured by a single binary indicator [G7 vs. G8] for the middle school subsample and three dummy variables representing grades 10 through 12 [vs. G9] for the high school subsample) were modeled as covariates. Subsamples were selected using the subpopulation selection methods necessary to achieve correct variance estimates, 17 and normalized weights scaled to the number of respondents were applied for multi-year analysis. 14 The analytic sample size was 36,058 (38,407 minus 2,349 with missing data). All analyses were computed using complex survey estimation procedures implemented in Stata version 13.
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RESULTS
Trends in overweight/obesity among middle school students 
Trends in overweight/obesity among high school students
The results of our trend analyses among high school students are presented in Table 2 . From 2003 to 2013, the provincial prevalence of overweight/obesity showed a weak but statistically significant linear increase (23.7%-26.1%). Significant linear increases were also evident among 11th graders (22.4%-28.9%), females (17.1%-22.4%), and 10th (14.8%-24.2%) and 11th-grade females (17.0-25.2%). However, the prevalence of overweight/obesity held steady from 2003 through 2013 among 9th-and 12th-grade females as well as among males in all grades.
Baseline overweight/obesity in relation to the MOHLTC reduction target
On the basis of the 2013 OSDUHS data, 25.1% (95% confidence interval: 23.5-26.7) of students in grades 7 through 12 were classified as overweight or obese ( Figure 1 ). We used this prevalence estimate as the baseline to set a presumed target of 20.1%, representing the 20% improvement in five years set by the provincial government. The provincial picture at baseline masks substantial subgroup variability in the prevalence of overweight/ obesity in 2013. For example, among middle school students, 7th-(15.8%) and 8th-grade (17.3%) females surpassed the provincial target; however, 7th-(26.2%) and 8th-grade (26.6%) males did not. Among high school students, only 12th-grade females (19.7%) met the target, and 9th-grade females (21.1%) were near to the target set for 2018. Overweight/obesity levels among females in the 10th (24.2%) and 11th (25.2%) grades, as well as among males in the 9th (26.9%), 10th (31.2%), 11th (32.5%) and 12th (28.1%) grades, were higher than the specified goal ( Figure 1 ). The results of our analyses indicate that, as of 2013, females in the 7th, 8th, 9th and 12th grades are currently well positioned relative to the MOHLTC presumed five-year target of 20.1%. However, 10th-and 11th-grade females and males in all grades are poorly positioned relative to the target. Will the current cohort of 7th-and 8th-grade females continue to maintain and carry forward a lower prevalence of overweight and obesity as they transition to secondary school? Or will this group trend upward with increasing school grade/age? If the 7th and 8th grade males carry forward their current rates of overweight and obesity (26.2% and 26.6% respectively), will they resemble and replace the 2013 cohort of overweight/obese male high school students or trend downwards, given a range of initiatives at the federal, provincial/territorial and municipal levels? These are questions that the current trend analyses raise. The results also suggest that if the MOHLTC five-year target is to be realized substantial policy and practice initiatives will be required. A factor related to the context of these analyses is that the 2018 target year established in the Healthy Kids Panel report 6 may subsequently be extended by the MOHLTC, since interventions to address childhood overweight and obesity are unfolding over time. In any case, our use of the 2013 OSDUHS serves as an appropriate baseline for ongoing monitoring of this age group. An important issue relevant to policy and programs is the need for more specific clarification around the provincial government targets. For example, while the target of a 20% reduction of child obesity within five years is based on a provincial reduction in overweight/obesity prevalence, it is not clear whether this target also applies within particular age or age/sex subgroups. This is an important issue for those evaluating progress on the target outcome. We found in our analysis that provincial stability and Table 2 . change in levels of overweight and obesity mask cohort differences by grade and sex. In particular, it may be important for the provincial government to consider developing and monitoring different targets for different cohorts. Similarly, it is important to monitor potential harms associated with a focus on reducing overweight and obesity, for example, trends in the prevalence of poor body image, obesity-related stigma, and bullying and disordered eating in this population. 20 In addition, emphasis should be placed on monitoring contextual and environmental factors that encourage positive health behaviours, including healthy weights. 21 Several relevant variables (e.g., body image, weight control, use of diet pills, fruit and vegetable consumption, physical activity and sedentary behaviour) are available in the OSDUHS data.
Our findings must be appraised in light of the study limitations. First, the findings are based on calculations of BMI from selfreported height and weight, which tend to underestimate levels of overweight and obesity in comparison to direct physical measures.
10,22-25 Second, it was not possible to conduct separate analyses for overweight and obesity because of an insufficient number of cases in specific age and sex subgroups. Existing studies that analyze overweight and obesity separately normally need to combine ages into broader age categories. 1, 11, 12, 19 A third limitation is that there were a few inconsistencies in the data. For example, in 2007, grade 7 and 8 females had higher rates of overweight/obesity than males -a finding that runs counter to the results from other years. We cannot explain specific examples of inconsistency in the data. However, we acknowledge that changes in how the data were collected in 2007 may partly explain this. According to the most recent OSDUHS report, 15 p.49 "experimental work on the OSDUHS showed that the pre-coded format reduced missing value responses versus open-ended formats". This may have had some effect on inconsistencies in the earlier (prior to pre-coding) years.
A fourth limitation is that the inclusion of secondary school students over age 18 does not correspond directly to the upper end of the MOHLTC target (presumably age 17 or 18). However, the OSDUHS estimates based on grade level do correspond to various stages in the life course and student "career". Thus it is useful to retain the grade subgroup sample (including those 18+) in the analysis of overweight/obesity over time. Furthermore, the MOHLTC is not conclusive in its designation of the age range targeted in its goal.
As mentioned earlier, we applied the IOTF criteria cut-points to categorize overweight and obesity status. Comparisons among the WHO, IOTF and CDC cut-points, based on directly measured height and weight, found that both the IOTF and CDC cut-points underestimate the prevalence of overweight and (especially) obesity among children and youth. 10 While current research on the prevalence of population overweight and obesity has yet to accept a single classification system, the IOTF criteria were the most frequently used in a recent systematic review of the prevalence of overweight and obesity in adolescents aged 10-19. 26 The recent scientific literature acknowledges that both the IOTF and WHO criteria can be used to assess BMI among children and youth. 1, 10, 12 In summary, both the IOTF and WHO criteria have been recommended for assessment of trends in the prevalence of overweight and obesity. 10, 27 The strengths of our study include the use of representative samples of Canadian middle and high school students at a provincial level and the assessment of overweight/obesity at biennially repeated intervals over a 10-year period. Moreover, repeated data allow one to construct evaluation models not only with both pre and post data points but also with multiple preprogram data points, which would strengthen the interpretation of program effect. Lastly, the sufficiently large samples allow for the identification of subgroups that may be less likely to achieve target reduction objectives. In summary, this study documents 10-year trends in overweight and obesity among Ontario middle and high school students. These patterns indicate provincial stability in the prevalence of overweight/obesity among middle school students and a statistically significant provincial increase for high school students. In addition, the study demonstrates the potential contribution of an existing data system capable of monitoring progress on meeting the MOHLTC target. Finally, it demonstrates the need to investigate subgroup variation, which may not only mitigate the ability of achieving the desired target but would also identify groups in need of enhanced or tailored policy and program interventions. 
RÉSULTATS :
De 2003 à 2013, la prévalence du surpoids/de l'obésité chez les élèves du premier cycle du secondaire dans la province est restée stable dans l'ensemble et dans tous les sous-groupes sauf celui des filles de 7 e année, où elle a présenté une diminution linéaire significative. Chez les élèves du deuxième cycle du secondaire, la prévalence du surpoids/de l'obésité a présenté une augmentation linéaire significative, en particulier chez les élèves de 11 e année, chez les filles et chez les filles de 10 e et de 11 e année. La prévalence est restée stable mais élevée chez les filles de 9 e et de 12 e année ainsi que chez les garçons de toutes les années. En 2013 (la base de référence pour la cible du MSSLD), 25,1 % des élèves de la 7 e à la 12 e année étaient en surpoids ou obèses, ce qui implique une cible présumée de 20,1 % en 2018. 
